Introduction
This report contains slides and speaker's notes used for an oral presentation given at the 2010 National Environmental Monitoring Conference (http://www.nemc.us/) held in Washington, D.C., in August 2010.
The slides discuss the growing concern for the high number of acres burned each year in the United States by wildfires and work done by the U.S. Geological Survey in evaluating the potential effects on human and ecosystem health. The U.S. Geological Survey has collected samples of ash and burned soils from a variety of locations in southern California during the 2007 and 2009 fire seasons. Data from samples collected from the Harris, Grass Valley, Jesusita, and Station fires have been analyzed for total metal content. Selected samples with elevated levels of arsenic, selenium, and chromium were analyzed to determine the speciation or chemical form of these elements present. Several tables of results taken from Plumlee and others (2007) are presented in the slides as well as maps depicting locations of the 2007 fires in southern California. The slides also contain preliminary results for the speciation analysis of arsenic, selenium, and chromium by High Performance Liquid Chromatography (HPLC) coupled to Inductively Coupled Plasma Mass Spectrometry (ICP-MS) using a modified version of the method discussed by Wolf and others (2007) . The slides discuss the modifications made to the method including the use of nitrogen as the reaction gas used in the ICP-MS to remove interferences affecting low-level chromium analyses. The use of nitrogen as a reaction gas allows As(III), As(V), Se(IV), Se(VI), Cr(III), and Cr(VI) to be determined under the same chromatographic conditions under the same run with Practical Quantitation Limits (PQLs) in the 50 -100 ppt range. The Practical Quantitation Limit for this study was defined as the lowest level standard that was recovered within ±20 percent of the true value. The slides also discuss issues encountered during speciation analysis including calibration standard purity and stability, sample stability, and vial contamination. The use of an analytical spike on every sample is discussed as a means of assessing overall data quality and determining sample matrix effects on species stability and possible species interconversions. Preliminary results for a study on sample storage conditions are presented which indicate that refrigeration at 1-10º C may be the best alternative as analyte losses were seen with room temperature storage (20º C) and freezing (-21º C) in the 24-48-hour timeframe. Initial testing indicated that the selenium species were not stable under any storage conditions after 48 hours. These studies indicate that the speciation analysis and the sample extraction process should be closely coordinated and the analysis of extracts should begin as soon as possible after extraction.
Preliminary results are presented for several samples from the 2007 and 2009 fires. In addition to the de-ionized water leaching method discussed by Hageman (2007) , the samples were also leached using a near-neutral pH simulated lung fluid (Plumlee and others, 2006) to model potential chemical interactions of inhaled particles with fluids lining the respiratory tract. The preliminary results presented in the slides show that in the de-ionized water leachate, all of the chromium present is in the form of Cr(VI) and the resulting high pH tends to stabilize Cr(VI) from reduction to Cr(III). Analysis of the simulated lung fluid leachates indicates that the predominant form of chromium present in the nearneutral pH of lung fluid would be Cr(VI), which is of concern because of the high possibility of inhalation of the small ash and soil particulates, particularly by fire or restoration crews. The presence of hexavalent chromium, Cr(VI), in leachates from the fire ash samples is of particular concern because of its known toxicity and carcinogenicity (Agency for Toxic Substances and Disease Registry, 2008 
 Impact on watersheds and ecosystems
Wildfires can have both immediate and long-term effects on human health. Exposure to the gases and particulates from a fire can cause immediate irritation to the eyes and respiratory system and can cause complications for those with chronic heart and lung diseases. Post-fire and long-term effects can be caused by exposure to potentially caustic ashes and dusts that are skin and eye irritants. They can also impact the environment and ecosystems by raising soil and water pH levels. The U.S. Geological Survey was asked by the California Burned Area Emergency Rehabilitation Team (BAER) to assess the potential impact of the large fires in 2007 on human health. The satellite image on the right (from NASA) shows the smoke plumes from these 2007 wildfires as seen from space. Of particular concern were any differences observed between residential and non-residential areas because of the large number of homes and buildings that were destroyed. The USGS issued a report on the potential impact of wildfire ash on human health and the environment from the work done on the 2007 fires. A wide range of testing was done on the samples, including elemental analysis of the ash materials as well as on leachates from the ash to determine possible impacts. The report is available on the USGS Web site listed above. Some key findings outlined in the report include the results of de-ionized water leach tests. This quick 5-minute leach in deionized water simulates what happens when the ash comes into contact with rainwater or body fluids such as sweat or in the respiratory tract. Several metals including arsenic (As), lead (Pb), antimony (Sb), and chromium (Cr) were found at levels in the leachate above the USEPA Preliminary Remediation Goals for soils. It is important to note that the PRG for chromium varies, depending on the species of chromium present, and is much lower if Cr +6 or hexavalent chromium is present. During the USGS studies, two different extractions were performed on the ash samples. The first was a de-ionized (DI) water leach test where 1 g of ash was added to 20 mL of de-ionized water and shaken for 5 minutes and filtered. The second was a simulated lung fluid leach which uses a solution similar to lung fluid (the recipe is given above) to estimate the amount of metals leached out when the ash is in contact with the fluids in the respiratory tract and the lungs. This is a 24-hour leach performed at body temperature (37° C). These data show the total content of 3 potentially toxic elements in the ash from the Harris and Grass Valley fires. In general the soil and ash samples from residential areas had higher levels of arsenic (As) and chromium (Cr) than the non-residential areas. However, knowing the total concentrations gives us limited information on the potential toxic effects since the toxicity often depends on the chemical form or speciation of the element. For example hexavalent chromium, Cr(VI) or Cr +6 is more toxic than trivalent chromium, Cr(III) or Cr +3 , and is a known lung carcinogen. The method we have been using for speciation at our laboratory is a reversed ion-pairing HPLC separation method followed by ICP-MS detection. We use a small, 3 cm, C8 column with tetrabutylammonium hydroxide as the mobile phase. Elution is isocratic and methanol is added to enhance peak shapes. EDTA is added to the mobile phase and to the samples to complex the Cr +3 cationic species to an anionic Cr(III)-EDTA complex. The ICP-MS has a dynamic reaction cell that uses nitrogen reaction gas to remove the 40 Ar 12 C interference at mass 52 that interferes with low-level chromium detection. The method has been modified from the version published in J. Anal. At. Spectrom., 2007 Spectrom., , v. 22, p. 1051 Spectrom., -1060 to allow determination of arsenic, chromium and selenium species in the same run. For removal of interferences, several reaction gases were examined for the Dynamic Reaction Cell on the ICP-MS. Looking at the signal to background ratios in the mobile phase blank and blank spiked with 1 ppb of arsenic, selenium, and chromium, it was found that the use of N 2 as the reaction gas gave the best compromise conditions for all three elements. Other reaction gases can be employed depending on the data quality needs. For example, if the best detection limits are required for chromium, ammonia would be the best choice of reaction gas. This slide shows low-level standards for each species using nitrogen as the reaction gas. The instrument was calibrated at 1, 2, 5, and 10 ppb and standards at 100, 200, and 500 ppt were analyzed. The Practical Quantitation Limit was established as the spike level where recovery was within 20 percent of the prepared value. So under these conditions using nitrogen as the reaction gas, the As and Se PQLs were 50 ppt and the Cr PQL was 100 ppt (for both species of each element).
Slide 13
Calibration and Issues Calibration was performed with standards prepared from commercially available stock solutions for each species. Three different vendors have been used (Spex, Inorganic Ventures, and VHG Labs). Care should be taken to ensure the standards do not contain significant amounts of the other species. Analysis of each species separately will determine the retention time on the column and allow evaluation of contamination from other species. Note that ideally the areas counts per second for species of the same element should be similar (within 1-2 percent). When performing speciation analyses everything the samples touch must be checked for possible contamination or residues that might negatively impact the stability of the species being determined. In this table, several types of HPLC vials were checked for contamination. It was found that the clear glass vials used previously for chromium speciation were unsuitable for use when arsenic was also being measured because of high levels of arsenic contamination. In addition, amber glass vials used for arsenic speciation were unsuitable for use when chromium was being determined. Vial blanks should always be tested with every run or change in supplier. Species stability should also be checked with each vial type. Some releasing agents in plastics or washing procedures can cause species instability. We have found that including an analytical spike on EVERY sample gives us a lot of information about the effects of the sample matrix on the individual species and allows us to assess the quality of the analytical data. Based on the spike results the sample results can either be flagged or corrected for spike recovery. This chromatogram shows a 25 ppb standard with all six species being analyzed: As(III), As(V), Se(IV), Se(VI), Cr(III) and Cr(VI). Notice the good peak shapes and separation of all species. 
RT…
These two chromatograms are from a USGS reference water sample M-176 (available at http://bqs.usgs.gov/srs/) which has routine levels of major cations and anions and should not contain As, Se, or Cr in significant levels. The upper chromatogram shows M-176 alone has a small amount, 0.5 ppb, of As(V) present. However when this sample is spiked at 25 ppb (the same level as the previous slide), we see that the Cr(VI) is somewhat smaller than expected (maroon line) compared to the standard (green line). In addition the Cr(III) is significantly smaller and there is another broad chromium peak appearing earlier in the chromatogram. This could indicate that the levels of major cations are competing for the EDTA in the Cr(III)-EDTA complex and causing it to fall apart. For this sample, the chromium speciation values would be unreliable based on the spike results.
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Slide 17
Matrix Effects on Separation
 M-172 water matrix spiked with all species  Shows As(III) to As(V) conversion  Shows Se(VI) peak is splitting
The analytical spike on another USGS reference water sample , M-172, shows that the As(III) is possibly being converted to As(V) and there may be some matrix-induced signal enhancement since both peaks read significantly higher than the expected 25 ppb. Note: an internal standard is not being used to correct for signal drift. Also the Se(VI) peak appears to be spread out and separating into 2 Se(VI) peaks. In this case the peak detection parameters might need to be adjusted to integrate the both peaks from Se(VI) -if we are sure they are both from Se(VI). For this sample, the arsenic and selenium data should be flagged as possibly containing significant error. In general, the analytical spike values on all the sample results we will discuss today were within 20 percent of the expected value. For speciation, stability testing is critically important. The sample collection and storage conditions (for example, light vs. dark, temperature, preservative, sample matrix, etc.) can drastically affect the stability of the species you are trying to measure. Our tests showed that our standards were stable in the mobile phase for only 24 hours at room temperature. If refrigerating or using a Peltier-cooled autosampler, stability could be extended to 48 hours by keeping the standards at 1-10 °C. Our testing showed that after 48 hours both selenium species were not stable. In addition, freezing in a normal freezer (as compared to liquid nitrogen flash freezing) appeared to be detrimental for ALL species. The stability will also vary with the sample matrix and the presence of known oxidizing or reducing agents in the sample. All the samples tested were kept in the dark or shielded from the light unless being aliquoted, this is extremely important for As as it has been documented sunlight can oxidize As +3 to As +5 quite rapidly.
